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Background: In a recently performed survey with 4000 randomly selected persons, 68 (7.2 %) of 948 respondents
reported intolerance and/or allergy-like symptoms to wine. The aim of this study was to analyze whether a real
sensitization to wine proteins could be confirmed by diagnostic and/or immunological settings.
Findings: For this purpose, 19 subjects with self-reported intolerance to wine of the invited subjects and 10 controls
without a history of intolerance participated in an allergological examination (skin prick test, ImmunoCAP for
determination of specific IgE antibodies, CAST for testing basophil activation, ImmunoBlot for testing specificity
of IgE-antibodies). For the allergological work-up red and white grapes, selected wines, and the purified lipid
transfer protein (LTP), a known grape allergen, were used. 7 subjects showed evidence of IgE sensitization to
wine or grape extracts, including one control. One participant with symptoms of intolerance showed a positive
skin prick test to red grape, a positive ImmunoCAP to grape, a positive cellular antigen stimulation test (CAST)
and inhibition of Western blot by removal of cross-reactive carbohydrate determinants (CCD).
Conclusion: The presented study focused on the grape protein-related IgE-mediated cause of intolerance to wine (true
allergy) and not on other wine components or fining agents (other forms of intolerance). A sensitization to grape and
wine proteins was observed in our cohort. In one case, this reactivity could be explained by cross-reactivity to CCD. The
results of this pilot study need to be validated in greater cohorts.
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Since thousands of years wine is known as popular alco-
holic beverage. It consists of many ingredients produced by
the grape or microorganism during the process of wine
production [1]. Proteins are minor components in wine;
some of them are discussed to be potential allergens. Espe-
cially in the Mediterranean area some cases of intolerance
have been reported after consumption of/ or contact with
grapes and their products [2–10]. A part of the studies fo-
cused on the proteins as cause for the reactions. As a result
of these studies lipid transfer proteins (LTP), endochitinase
4 and thaumatin-like proteins (TLP) were discussed as
potential allergens in grapes and wine [2]. However,
Vassilopoulou et al. [3] reported that other grape proteins* Correspondence: jaeckeln@uni-mainz.de; hdecker@uni-mainz.de
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unless otherwise stated.may be involved as well in the sensitization such as
β-1,3-glucanase while TLPs and chitinases did not function
as allergens. During the wine making process grape pro-
teins are exposed to various conditions like high alcohol
content or very low pH. Thus, a question arises whether
LTP has still an allergenic potential after the wine making
process. Investigations on the structural stability of LTP
from grapes and those of wine did not elucidate obvious
changes. As a consequence LTP in wine may still act as an
allergen [11]. Based on an earlier epidemiological study
“prevalence of wine intolerance” in our area 7.2 % of 948
participants reported intolerance symptoms after con-
suming grapes or wine [12]. The present study focuses
on proteins derived from grapes and their allergenic
potential, especially on LTP, which is listed as acknowl-
edged allergen (www.allergen.org). For this purpose
some participants of the earlier epidemiologic study
underwent detailed allergological testing.l. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Table 1 Summary of allergological investigations (n = 29)



































1 58 m no prick test 53.2 0 0 / - D, R, SC, T histamine
intolerance




3 56 f 1/2 8/30 −/− −/− −/− −/− −/− −/− −/− −/− 314 0.02 0 / - BS, SW house-dust,
drugs, nuts,
grape, wine
4 60 f −/− 5/7 5/6 1/2 2/3 2/2 5/7 0/1 0/1 2/3 5.38 0 0 neg - I, F, SR, D drugs
5 35 m −/− 5/8 −/− −/− −/− −/− −/− −/− −/− −/− 286 0.05 0 neg - SW house-dust
6 41 f −/− 5/20 −/− −/− −/− −/− −/− −/− −/− −/− 22 0 0 neg - AS, H lactose,
pollen, grass,
rye






8 60 f −/− +++ + + + −/− + −/− −/− + 10.4 0 0 neg - H pollen,
grapes, wine
9 42 f −/− 5/15 −/− −/− −/− −/− −/− −/− −/− −/− 10.6 0 0 / - V, D, SC, BP,
CC, H
nickel
10 58 f −/− 5/20 −/− −/− −/− −/− −/− −/− −/− −/− 222 0.02 0 neg - R, H alcohol,
wine, beer
11 41 f −/− 5/20 −/− −/− −/− −/− −/− −/− −/− −/− 10.7 0.01 0 neg - n.d. n.d.
12 54 f −/− 10/30 −/− −/− −/− −/− −/− −/− −/− −/− 11.9 0.03 0 / - R, BS, H /
13 24 f no prick test 189 0.01 0 pos - I, F pollen
14 30 f −/− 5/20 −/− −/− −/− −/− −/− −/− −/− −/− 74.3 0 0 neg - D, T, H /





16 50 f −/− 10/30 2/3 2/3 2/3 3/5 3/4 2/3 1 8/15 359 0.01 0 neg - n.d. wine











Table 1 Summary of allergological investigations (n = 29) (Continued)
18 28 f −/− 6/22 −/− −/− −/− −/− −/− −/− −/− −/− 214 0 0 neg / D fructose
intolerance,
house-dust
19 24 m −/− 5/25 −/− −/− −/− −/− −/− −/− −/− −/− 95.4 0 0 pos / SR, H pollen
20 45 f no prick test 108 0 0 neg / / pollen,
house-dust,
oysters
21 34 f −/− ++ −/− −/− −/− −/− −/− −/− −/− −/− 16.1 0 0 neg - / /
22 63 m −/− ++ −/− −/− −/− −/− −/− −/− −/− −/− 622 0.05 0 neg - / canned
mushrooms
23 30 f −/− 5/25 −/− −/− −/− −/− −/− −/− −/− −/− 2.58 0 0 neg + / /
24 60 f −/− 7/20 −/− −/− −/− −/− −/− 2/4 3/5 −/− 40.7 0 0 pos / / pollen, nuts,
apple
25 29 f −/− 6/25 −/− −/− −/− −/− −/− −/− −/− −/− 35.7 0 0 neg / / pollen
26 27 f −/− 5/20 −/− −/− −/− −/− −/− −/− −/− −/− 12.1 0 0 neg / H /
27 28 m −/− 3/15 −/− −/− −/− −/− −/− −/− −/− −/− 109 0 0 neg / / /
28 22 f −/− 8/20 −/− −/− −/− −/− −/− −/− −/− −/− 114 0 0 neg / / /
29 28 f −/− 7/22 −/− −/− −/− −/− −/− −/− −/− −/− 90.5 0 0 neg / / /
Subject group with self-reported wine intolerance: No.1–19 control group: No. 20–29; m male; f female; neg negativ; pos positiv; +++ large reaction (size of histamine reaction); ++: normal reaction, +: weak reaction; −:
no reaction (wheal diameter < 2 mm); /: no test performed; CAP classes for specific IgE antibodies: 0: < 0.35kU/l; 1: 0.35–0.7 kU/l: 2: 0.7–3.5 kU/l; 3: 3.5–17.5 kU/l; 4: 17.5–50 kU/l; 5: 50–100 kU/l; 6: >100 kU/l; n.d. no data;
H headaches; D diarrhea; R rhinorrhea; I itching; F flushed skin; SR skin rash, hives, edema; SC stomach or intestinal cramps; BS burning sensation in lips, palate, neck; SW swelling of lips, mouth, throat; AS shortness of
breath/asthma; T tachycardia; V vomiting; BP low blood pressure; CC circulatory collapse. Prick test results are given in wheal diameter/ flush diameter, in mm (x/y). Moselle Riesling: Bernkasteller Badstube, Staatsweingut Mosel,
Bernkastel-Kues, Germany, 2009, 11 %vol; Moselle Pinot gris: Grauburgunder, Staatliche Weinbaudomäne Trier, Germany, 12,5 %vol, 2009; Moselle Pinot noir: Avelsbacher Hammerstein Spätburgunder, Staatliche
Weinbaudomäne Trier, Germany, 12 %vol, 2009; Rhinehessen Riesling: Riesling, Winery of the City of Mainz, Mainz, Germany, 12,5 %vol, 2009; Rhinehessen Dornfelder: Dornfelder, Winery of the City of Mainz,
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Study subjects
Twenty three women and six men aged 22 to 63 partici-
pated in the study. The mean age was 40, median 39 years.
Of these, 19 persons reported wine intolerance (Table 1,
No. 1–19). The ten remaining persons served as control
group (No. 20–29). All participants were further asked
about their symptoms after wine consumption (among
others). The study was approved by the local ethics com-
mittee (reference number: 837.194.11(7736); approved:
22.06.2011). Informed consent was obtained from all sub-
jects before the study.
Allergological investigations
Clinical interventions were conducted at the Department of
Dermatology of the University Medical Center Mainz,
Germany. History was taken and prick test was performed
with various grapes and grape products (Table 1).
Total serum IgE and allergen-specific IgE (ImmunoCAP
product code for grape: f259, CCD/MUXF3: o214, grass:
gx1, birch: t3) were determined applying the ImmunoCAP®
test (Phadia AB, Thermo Fisher Scientific, Waltham,
Massachusetts, USA). In some cases, serum was prein-
cubated for 30 min with 20 μg/ml ProGlycAn CCD-
blocker/inhibitor (purified MUXF structure of digested
bromelain, kindly provided by Prof. W. Aberer, ProGlycAn,
Vienna, Austria) [13].Fig. 1 Frequency of intolerance symptoms after wine consumption (n = 29
were examinedRelease of sulfidoleukotriens after allergen stimulation
(purified LTP of Dornfelder red wine: 640 pg/ml -
10 μg/ml) was investigated by CAST (Cellular Aller-
gen Stimulation Test, Bühlmann Laboratories AG,
Schönenbuch, Switzerland) according to the instruc-
tions of the manufacturer.Biochemical investigations
The reactivity of serum IgE Ab to various proteins was
examined by ImmunoBlots. Therefore, SDS-PAGE
(homemade 12.5 % and 15 % polyacrylamide gels
pH 8.8 with 3 % stacking gels pH 6.8) of the various
samples (Fig. 2) was performed as described before [11].
After electrophoresis the proteins were transferred on a
nitrocellulose membrane by semi-dry blotting. Nonspe-
cific binding sites were blocked using 3 % BSA. Follow-
ing this, the membrane was incubated with serum,
bound IgE Ab were detected using HRP-conjugated
goat anti-human IgE pAb (Invitrogen, Life Technolo-
gies GmbH, Darmstadt, Germany). In all experiments,
a corresponding Coomassie-stained SDS-PAGE with
the same samples served as control. To study the influ-
ence of the cross-reactive carbohydrates determinants
(CCD) part of these experiments were performed with
previous incubation of serum with 20 μg/ml CCD-
blocker [13].). Symptoms after white-, red-, or white and red wine consumption
Fig. 3 ImmunoBlot of IgE antibody reactivity applying grape and birch
extracts after inhibition of the CCD specific IgE antibodies. a ImmunoBlot
control of patient No. 7. b ImmunoBlot after preincubation of serum
with 20 μg/ml CCD-blocker. c Coomassie-stained 12.5 % SDS-PAGE.
Samples: 1: white grapes; 2: birch; 3: Precision Plus Protein dual
Color Standard (BioRad, Munich, Germany)
Fig. 2 ImmunoBlot of IgE antibody reactivity applying different grape and wine proteins. a ImmunoBlot of participant No. 7, who showed
positive reactions in all tests; b Coomassie-stained 15 % SDS-PAGE. Samples: 1: peach; 2: red grapes; 3: Dornfelder grapes (winery Fleischer,
Mainz); 4: white grapes; 5: Dornfelder wine (after PVP precipitation); 6: purified LTP from Dornfelder wine [15]; 7: purified LTP from Dornfelder
grapes [15]; 8: Riesling wine (after Lyophilisation); 9: RunBlue Dual Color SDS marker (Expedeon, Cambridge,United Kingdom). For SDS-PAGE
30 μl of the extract, which was treated 3:1 with SDS sample buffer and incubated 95 °C for 10 min, was applied
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Symptoms
The most frequently reported symptoms after wine con-
sumption of the 19 participants with self-reported wine
intolerance were in accordance with our former study
[12] (rhinorrhea, itching etc., Fig. 1). The participants
stated that adverse reactions could be observed immedi-
ately up to 2 h after consumption of grape products.
Allergy testing
Prick test was conducted with 26 participants. Seven
persons showed a positive reaction (wheal of at least
3 mm diameter) towards any grape product (Table 1).
Two of these persons reacted only towards red or white
grapes (No. 7, 24) and one person to red grape juice
(No. 15). The other three persons reacted to grapes and
wine (No. 2, 8, 16) and only one person only to wine
(No. 4) (Table 1).
Total IgE was above range in 13 participants (9 intoler-
ant, 4 controls). Four of these also showed a positive reac-
tion in prick test (No. 2, 7, 15, 16). Only one person
showed specific sensitization with ImmunoCAP (grape:
CAP class 2). This participant (No. 7) also suffered from
severe allergy to pollen (grass: CAP class 6; birch: CAP
class 5), and reacted towards CCD (MUXF3: CAP class 3).
A preincubation of serum taken from the same person at
a later time point with CCD-blocker led to a reduction of
the concentration of MUXF3-specific IgE (2.06 kU/l be-
fore, 0.25 kU/l after) as well as of grape-specific IgE (0.5
kU/l before, 0.04 kU/l after) while birch-specific IgE was
not reduced after CCD blockade (91.2 kU/l before, 96.1
kU/l after).
In addition, CAST was performed with isolated leuco-
cytes from 25 persons to analyze basophil activation.
Release of sulfidoleukotrienes by basophil granulocytes was
measured after stimulation with varying concentrations ofpurified LTP. Overall, basophil granulocytes of five partici-
pants (No. 7, 13, 15, 19, 24) reacted with increased leukotri-
ene release (sulfidoleukotriene concentration > 200 pg/ml).
Thus, a relationship of CAST and prick test could be found
since three (2 intolerant No. 7, 15; one control No. 24) of
these five persons also showed a positive prick test.
For participant No. 7 all tests were positive (total IgE
910 kU/l, grape: CAP class 2, birch: CAP class 5,
MUXF3. CAP class 3). This person also showed a strong
reaction towards different grape and wine proteins in
the ImmunoBlot. Besides a severe reaction of IgE Ab to
grape and wine proteins a reaction to peach could be
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(Fig. 2). After incubation of the serum taken from the
same person at a later time point with CCD-blocker
(purified MUXF structure of digested bromelain) the re-
activity against grape proteins completely disappeared,
while a strong reactivity to a birch protein of nearly
17 kDa (Bet v 1) could still be detected (Fig. 3), this is in
accordance to the ImmunoCAP results. The serum of
participant No. 23 showed a weak ImmunoBlot, but the
history of this person showed no evidence for intoler-
ances. Sera from the other tested participants showed no
reaction in ImmunoBlot experiments.
Discussion
Some of the participants showed a sensitization towards
grapes and wine in particular tests. A positive reaction
in all tests was only observed in one participant (No. 7).
For this participant a strong reaction of IgE Ab towards
different proteins of grape and wine samples could be
detected, especially to proteins with a molecular weight
of 20–30 kDa (TLP, chitinases), which are discussed as
allergens [2, 3, 7].
Due to the strong sensitization of this participant also
to birch and grass pollen, pollen-associated cross reac-
tions to food or CCD (MUXF3) might be the reason for
these observed reactions [14, 15]. Inhibition experiments
with CCD-blocker confirmed the latter assumption.
However, a reaction to LTP (9–12 kDa) which was only
detectable in the CAST indicated that some of the non-
glycosylated wine proteins may also have an allergenic
potential.
Our study focused on grape and wine proteins, espe-
cially LTP as known grape allergen. Nonetheless, intoler-
ance to wine might be triggered by many other wine
ingredients such as biogenic amines [16–18], acids and
sulfite (sulfite declaration is mandatory for wine) [17], al-
cohol [7, 19, 20], or fining agents [21, 22]. Symptoms as
flush and tachycardia might be explained by biogenic
amines or even alcohol affecting the cardiovascular sys-
tem by acting as vasodilator [19, 20]. The multitude of
wine ingredients, especially in combination, could be re-
sponsible for intolerance reactions [1, 23].
Conclusion
Nineteen persons with self-reported wine intolerance
were tested for specific allergic reactions to wine. A
sensitization to LTP correlating with a positive prick test
could be observed in two participants of the subject
group with self-reported intolerance and in one person
of the control group. The strong sensitization to other
grape and wine proteins of one of these participants
could be explained by CCD-cross reactivity.
This pilot study demonstrates that there may be sensi-
tizations to grape or wine proteins in the German winedrinking region of Mainz. In a further study this
sensitization has to be proven in a larger number of par-
ticipants to achieve a statistical validation. Additionally,
other forms of intolerance should be considered, includ-
ing histamine and sulphide.
Abbreviations
Ab: Antibodies; BSA: Bovine serum albumin; CAST: Cellular allergen
stimulation test; CCD: Cross reactive carbohydrate determinants;
HRP: Horseradish peroxidase; IgE: Immunoglobulin E; LTP: Lipid transfer
protein; pAb: polyclonal Antibody; PAGE: Polyacrylamide gel electrophoresis;
SDS: Sodium dodecyl sulfate; TLP: Thaumatin-like protein.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
NJ organized the study including recruiting the participants and performed
biochemical investigations as well as the evaluation of questionnaires and of
the investigations. IB provided the clinical investigations, CASTs and
ImmunoCAPs together with BH. PF supported the organization and
recruiting of participants. JS performed prick tests and gave medical advice
and interpretation of our results. HD supervised the study. All authors wrote
and approved the manuscript.
Acknowledgement
The study was supported by the Foundation Rhineland-Palatinate for
Innovation, the “Naturwissenschaftlich-medizinisches Forschungszentrum”
(NMFZ) Mainz and the “Forschungszentrum für Immunolgie” Mainz. We also
thank Prof. W. Aberer (Vienna), winery Fleischer and DLR Mosel for their
support.
Author details
1Institute for Molecular Biophysics, Johannes Gutenberg-University Mainz,
Jakob-Welder-Weg 26, D-55128 Mainz, Germany. 2Department of
Dermatology, University Medical Center Mainz, Langenbeckstraße 1, D-55131
Mainz, Germany.
Received: 17 March 2015 Accepted: 20 May 2015
References
1. German JB, Walzem RL. The health benefits of wine. Annu Rev Nutr.
2000;20:561–93.
2. Pastorello EA, Farioli L, Pravettoni V, Ortolani C, Fortunato D, Giuffrida MG,
et al. Identification of grape and wine allergens as an endochitinase 4, a
lipid-transfer protein, and a thaumatin. J Allergy Clin Immunol.
2003;111:350–9.
3. Vassilopoulou E, Zuidmeer L, Akkerdaas J, Tassios I, Rigby NR, Mills EN, et al.
Severe immediate allergic reactions to grapes: part of a lipid transfer
protein-associated clinical syndrome. Int Arch Allergy Immunol.
2007;143:92–102.
4. Giannoccaro F, Munno G, Riva G, Pugliese S, Paradiso MT, Ferrannini A. Oral
allergy syndrome to grapes. Allergy. 1998;53:451–2.
5. Senna G, Mistrello G, Roncarolo D, Crivellaro M, Bonadonna P, Schiappoli M,
et al. Exercise-induced anaphylaxis to grape. Allergy. 2001;56:1235–6.
6. Rodriguez A, Trujillo MJ, Matheu V, Baeza ML, Zapatero L, Martinez M.
Allergy to grape: A case report. Pediatr Allergy Immunol. 2001;12:289–90.
7. Borras EA, Faraudo EB, Jane PG, Zavala BB. Alcohol-induced anaphylaxis to
grape. Allergol Immunopathol (Madr). 2007;35:159–61.
8. Schad SG, Trcka J, Vieths S, Scheurer S, Conti A, Brocker EB, et al. Wine
anaphylaxis in a German patient: IgE-mediated allergy against a lipid transfer
protein of grapes. Int Arch Allergy Immunol. 2005;136:159–64.
9. Schad SG, Trcka J, Lauer I, Scheurer S, Trautmann A. Wine allergy in a
wine-growing district: tolerance induction in a patient with allergy to grape
lipid-transfer protein. World Allergy Organ J. 2010;3:1–5.
10. Sbornik M, Rakoski J, Mempel M, Ollert M, Ring J. IgE-mediated type-I-allergy
against red wine and grapes. Allergy. 2007;62:1339–40.
Jaeckels et al. Clinical and Translational Allergy  (2015) 5:21 Page 7 of 711. Jaeckels N, Tenzer S, Rosfa S, Schild HJ, Decker H, Wigand P. Purification and
structural characterisation of lipid transfer protein from red wine and
grapes. Food Chem. 2013;138:263–9.
12. Wigand P, Blettner M, Saloga J, Decker H. Prevalence of wine intolerance:
results of a survey from Mainz, Germany. Dtsch Arztebl Int. 2012;109:437–44.
13. Aberer W, Holzweber F, Hemmer W, Koch L, Bokanovic D, Fellner W, et al.
Inhibition of cross-reactive carbohydrate determinants (CCDs) enhances the
selectivity of in vitro allergy diagnosis. Allergologie. 2014;37:46–53.
14. Vieths S, Scheurer S, Ballmer-Weber B. Current understanding of cross-reactivity of
food allergens and pollen. Ann N Y Acad Sci. 2002;964:47–68.
15. Gonzalez-Quintela A, Gomez-Rial J, Valcarcel C, Campos J, Sanz ML, Linneberg A,
et al. Immunoglobulin-E reactivity to wine glycoproteins in heavy drinkers.
Alcohol. 2011;45:113–22.
16. Maintz L, Novak N. Histamine and histamine intolerance. Am J Clin Nutr.
2007;85:1185–96.
17. Vally H, de Klerk N, Thompson PJ. Alcoholic drinks: important triggers for
asthma. J Allergy Clin Immunol. 2000;105:462–7.
18. Bodmer S, Imark C, Kneubuhl M. Biogenic amines in foods: histamine and
food processing. Inflamm Res. 1999;48:296–300.
19. Tawakol A, Omland T, Creager MA. Direct effect of ethanol on human
vascular function. Am J Physiol Heart Circ Physiol. 2004;286:H2468–73.
20. Nakagawa Y, Sumikawa Y, Nakamura T, Itami S, Katayama I, Aoki T. Urticarial
reaction caused by ethanol. Allergol Int. 2006;55:411–4.
21. Vassilopoulou E, Karathanos A, Siragakis G, Giavi S, Sinaniotis A, Douladiris N,
et al. Risk of allergic reactions to wine, in milk, egg and fish-allergic patients.
Clin Transl Allergy. 2011;1:10.
22. Rolland JM, Apostolou E, Deckert K, de Leon MP, Douglass JA, Glaspole IN,
et al. Potential food allergens in wine: double-blind, placebo-controlled trial
and basophil activation analysis. Nutrition. 2006;22:882–8.
23. Boban M, Modun D, Music I, Vukovic J, Brizic I, Salamunic I, et al. Red wine
induced modulation of vascular function: Separating the role of
polyphenols, ethanol, and urates. J Cardiovasc Pharmacol. 2006;47:695–701.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
